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Effects of Different Sources of Fertilizer Application on Species Composition, Herbage Yield, 
Nutritional Quality and Soil Fertility of Degraded Grazing Lands in Central Rift Valley of 
Ethiopia 
ABSTRACT 
The study was conducted in Arsi Negelle and Adami Tulu Jido Kombolcha (ATJK) districts from 
July to the end of September 2017, with the objectives to determine the effect of applying 
different sources of fertilizer on species composition, herbage yield and chemical composition 
of natural pastures and soil fertility status of pasture land. The experiment involved five 
treatments, i.e., T1, control (no fertilizer application), T2, a combination of urea and DAP (50 
+ 100 kg ha-1 respectively), T3, cattle manure (7.5 t ha-1), T4, wood ash (3 t ha-1) and T5, lime 
(2 t ha-1). Soil samples were collected from 20cm depth before and after treatment were analyzed 
at Oromia Water Works Design and Supervision Enterprise. Forage samples were harvested 
from 50cm x 50cm at 50% of flowering stage were analyzed at ILRI analytic laboratory. The 
soil textural and chemical properties of the study sites were significantly different (P<0.001). 
Soil textural classes were sandy loam in ATJK before and after treatment application and clay 
loam and silty clay loam in Arsi Negelle before and after fertilizer application, respectively. The 
pH values were significantly higher in the plots treated with wood ash; due to it attributed high 
composition of Ca and Mg. Total nitrogen and soil organic carbon content were significantly 
affected (P<0.001) by treatment application in ATJK. Twenty-four species were identified with 
54.2%, 25%, 8.3%, 8.3% and 4.2% as different grass species, forb, legume, tree and sedge, 
respectively. In life form, 66.7% were annuals and the rest were perennials. More species 
composition and total DM yield were recorded in ATJK, due to decomposition and the 
utilization rate of fertilizers is high at high temperatures. Chemical fertilizer and cattle manure 
application increased total biomass yield from 1.88 in control to 6.65 and 4.29 t ha-1, 
respectively. Grasses and legumes species composition were dominant in chemical fertilizer and 
cattle manure, respectively, while the control plot was dominated by forbs. The tallest mean 
plant height (72.6cm) was recorded in plots treated with chemical fertilizer, while the shortest 
(48.1cm) was in control plots at both study sites. Cattle manure application increased CP 
content of natural pasture from 9.58% in control to 15.74%, due to this treatment attributed the 
highest legume compositions. Wood ash application significantly improved ash content of 
pasture from 9.81% in control to 13.69%, which might be due to this content of high mineral 
recovery from the wood materials. IVDMD, ME, ADF and ADL of natural pastures were not 
affected by treatment application, however NDF was significantly affected (P<0.01). Chemical 
fertilizer application on degraded grazing land had economic value to invest more DM yield 
and brought more income from dry hay when sold at dry season as compared to the income 
obtained from the grain yield; on the other hand, net return of fresh hay from a fertilized plot 
by cattle manure was the best at harvesting time. In conclusion, chemical fertilizer is 
recommended for immediate soil fertility improvement, high DM yield production and achieves 
more income. However, for sustainable upgrading of degraded grazing land and quality forage 
production (high legumes botanical composition); cattle manure application is the right option 
for the smallholder farmers. 
 






Ethiopia is a country that depends on agricultural production for the growth of the national 
economy. The agricultural sector accounts for nearly 46% of gross domestic product and close 
to 80% of export earnings (ATA, 2013). The sector is mainly operated by smallholder farmers 
that directly rely on agriculture for their food supply and cash income. While the country’s 
future development and self-sufficiency in food production is relying on enhanced agricultural 
production, the agricultural production system is still mainly rain-fed and has a low degree of 
modernization.  
The country has 111.5 million hectares of land, and although 74 million hectares are arable, only 
13 million hectares are being used for livestock agricultural activities (Davis et al., 2010). 
According to Central Statistical Agency (CSA, 2011) Ethiopian grassland areas account more 
than 30% of coverage that used as livestock feed resource. These grasslands are characterized 
by seasonal fluctuation of annual rainfall pattern that limits the yield and quality of the grazing 
land resource (CSA and World Bank, 2013). There are different types of grasslands that serve 
as livestock feeds in Ethiopia; privately owned grazing areas, communally owned grazing areas, 
riverside and Lakeshore are grazing areas, roadside grazing areas and to some extent protected 
areas, which are reserved for dry season grazing (Tessema, 2005).  
The main feed resources for livestock in Ethiopia are natural pasture and crop residues, which 
are low in quantity and quality for sustainable animal production Alemayehu (2004), Tessema 
and Baars (2004) and Tessema et al. (2002a) noted that these poor feeds result in low growth 
rates, poor fertility and high mortality rates of livestock. The main problems of natural pasture 
as a source of feed for livestock is a low production capacity of total dry matter due to various 
factors such as species compositions, climatic conditions, soil fertility status and season of 
harvesting (Ashagire, 2008; Tessema et al., 2010). Even during years of good rainy season, 
forage is not sufficient to feed livestock for reasons associated with restricted grazing and poor 
management of grazing land (Melese et al., 2014).  
Natural pasture of grazing land which contributes 58.9% of animal feeds resources are being 
deteriorated due to high population pressure, land degradation and conversion of grazing lands 





significant benefits including improved forage yields, lower feed costs and improve livestock 
performance (Abadi, 2017). In order to increase the availability of feed resources, land 
management practices need to be improved. More sustainable management of the land can be 
achieved through improved agricultural management, such as over sowing with Nitrogen-fixing 
legumes, addition of fertilizers and recycling of nutrients and soil erosion control. Direct 
addition of nutrients can be done through mineral fertilizer or organic inputs such as manure 
and compost through a combination of both nutrient sources. Organic inputs are potential 
sources of plant nutrients and have beneficial effects on soil fertility of degraded grazing land. 
Appropriate fertilizer application is an important management practice to improve soil fertility 
and quality of natural pastures. 
Livestock convert undigested vegetative plant material in dung or manure, which is a valuable 
resource to maintain the fertility of pasture land (Harris, 2002). Manure is a key resource for 
maintaining nutrient balance in the soil of pasture land. Application of cattle manure to degraded 
grazing land improved available phosphorous and total crude protein of the natural grassland 
(Fekadu et al., 2017). The addition of cattle manure to soil provides several potential benefits 
by improving soil structure, fertility, increases soil organic matter and soil microbial activity 
(McAndrews et al., 2006). Chemical fertilizer applications increase the botanical composition 
of grass species and total forage dry matter yield of degraded grassland. Soil acidity limits soil 
microbial activity and biodiversity as well as plant growth. The applications of wood ash 
improve the soil acidity, botanical composition of legume and total ash in natural grass (Fekadu 
et al., 2017). Wood ash and lime are used as fertilizer and soil acidity corrector when 
successfully applied to grazing land. 
Feed shortage has been a prolonged problem for livestock production in the Mid - Rift Valley 
of Ethiopia. The problem is not only in terms of feed quality, but also in the amount of feed 
supply. As a result, the productivity of livestock is unsatisfactory (Ermias et al., 2005). Due to 
poor management of grazing land and overstocking, natural pastures are highly overgrazed and 
resulting in severe land degradation, loss of valuable species and dominance of unpalatable 
species. In order to attain food self-sufficiency from livestock production, the grazing land must 
be well managed by various methods such as soil fertility maintaince through the application of 





Therefore, this study was designed with the general objective to explore the potentials of 
different source of fertilizer application options to restore soil fertility, pasture quality and 
productivity in selected sites that represent the Rift Valley grasslands.  
Specific Objectives  
• To determine the effect of applying different sources of fertilizer on species composition, 
herbage yield and chemical composition of natural pastures 
 
• To assess the effect of application of different sources of fertilizer on the soil fertility 













2. LITERATURE REVIEW 
2.1. Land Degradation in Ethiopia 
Land degradation  is broadly defined as  any form of deterioration of natural potential of land 
that affects ecosystem integrity either in terms of reducing its sustainable ecological productivity 
or in terms of its native biological richness and  it is a loss, in biological or economic 
productivity of rain fed cropland, irrigated crop land, or  pasture land, forest and woodlands 
resulting from land uses or process arising from human activities and a long term loss of natural 
vegetation (Malatinszky et al., 2013). Land degradation is clearly linked to settlement and the 
combined effect of growing human population and uncoordinated different land uses. With the 
continued growth of the human population, competition for limited land resources has steadily 
increased in recent decades and most regions in Ethiopia have experienced a progressive 
expansion of their agriculture and rural settlement (Getachew, 2005). Land degradation and low 
soil fertility are common features that aggravate the problems in large parts of sub-Saharan 
Africa in general and Ethiopia in particular (Vesterager et al., 2008).  
2.2. Effect of Agro-ecology on Grassland Species Diversity 
Agro-ecology is factors that determine the distribution of climatic factors and land suitability; 
this influences the pasture to be grown, rate of growth, natural vegetation types and their species 
diversity. Natural grasslands of the highland areas are rich in legume species, while grasslands 
of the mid and low land zones have a lower proportion of legume; because as altitudes decrease 
the proportion of legumes decrease due to edaphic differences (Alemayehu, 2006; Mekonnen 
and Ali, 2013). The availability and quality of native pasture vary with altitude, rainfall and soil 
type (Yayneshet, 2010).  Herbaceous legumes tend to increase with increasing altitude; 
particularly above 2200m, there is a wide range of annual and perennial Trifolium spp and 
annual Medicago spp. At lower altitudes herbaceous native legumes are less abundant with a 
large variation in their range and density in wet bottomlands and this appears to be only partly 
due to edaphic differences. According to Alemayehu (2006) in the lowlands browse and shrubs 
are dominant plants. The permanent grazing land species composition and richness are 
influenced by management practices, and site characteristics such as topography, water, nutrient 





2.3. Effect of Agro-ecology on Herbage Yield of Grazing Lands  
Biomass yield of natural pastures is influenced by altitude, rainfall and soil fertility status 
(Adane and Berhan, 2005). Pasture productivity in degraded lands of sloppy area is reported to 
be very low (0.5-1 tons DM per ha), in arable land grazing areas 1-3 tons DM per ha and in 
valley bottom land grazing areas ranged from 3-5 tons DM ha-1 (Kasahun et al., 2015). The 
biomass production of herbaceous species depends on climate, available water and altitude 
(Chollet et al., 2014). According to some authors, the altitude becomes a limiting factor for plant 
growth; the higher the altitude the lower the atmospheric temperature and higher precipitation, 
which was more likely to have limited plant growth.  
 2.4. Grass Species in the Rift Valley of Ethiopia 
From grass species identified in the Central Rift Valley shown presence of some valuable grass 
species were observed, which are palatable, productive and adaptable to the climatic and edaphic 
factors of the area. Some of the grass species identified to be found in the climax vegetation of 
the Central Rifty Valley of Ethiopia, categorized as decreases includes; Bracheria mutica, 
Bracheria ruziensis, Cenchrus ciliaris, Cenchrus pennisetiforms, Chloris gayana, 
Digitariaadscendes, Digitaria milanjiana, Panicum maximum, Chloris roxburghiana, Digitaria 
adscendes and Digitaria milanjiana (Amsalu et al., 2001). Herbaceous species play an 
important role in livestock feeding in arid and semi-arid regions and also improve ecosystem 
services (Arzani et al., 2006). 
 2.5. Grazing Land Rehabilitation and Method of Improvements  
Land degradation correlates with species loss. Strategies for rehabilitation should be addressing 
the maintenance or restoration of soil and species conservation (Pathak and Dagar, 2015). 
Scientific measures are needed to be undertaken for an accurate successful restoration of 
degraded grasslands. This includes removal of unwanted and unpalatable species, protection of 
the area from grazing during periods of restorations by fencing, to keep from wild animals, land 
leveling, provision of slopes to ensure drainage to leach out excess water, addition of manure 
and fertilizers to improve soil fertility and over sowing (Pathak and Dagar, 2015). Rehabilitation 





disturbance. Reduced levels of browsing, harvesting and trampling allow the natural 
rehabilitation of the vegetation and for the reestablishment of plants from the soil seed banks. 
This process can be supplemented by the additional sowing of palatable grass species or planting 
multipurpose trees that can be harvested for fodder and other purposes. The other mechanism 
of rehabilitation of degraded grazing land is by fertilizer application. 
2.5.1. Application of different sources of fertilizer on grazing land    
2.5.1.1. Chemical fertilizer application  
The most common deficient nutrients in pastures are phosphorus, potassium, and nitrogen. 
Commercial fertilizers (urea and DAP) application on pastures is reported to have increased 
total biomass yield in  Turkey (Hanife, 2010). Urea is chemically composed of 46% of N, while 
DAP contains 18% of N and 46% of P (National Fertilizer Industry Agency, 2001; FAO, 2000). 
The amounts of each nutrient needed will depend on the soil type, previous use of field, and 
previous nutrients added either through fertilizer or manure. Phosphorus (P) is necessary to 
establish new seedlings (John et al., 2014). Pastures with over 40% legume generally need no 
additional N fertilizer because of N accretion through biological N fixation. Too much N 
fertilizer will cause the legumes to be less competitive and be crowded out by the grasses in the 
mixed pasture (Tesfaye et al., 2015). Applications of the nutrients, especially N (100 to 
150kg/ha) urea and phosphorus are helpful for successful establishment of natural pasture. For 
immediate soil fertility improvement of the existing grasslands, application of inorganic 
fertilizer is important (Fekadu et al., 2017). 
 2.5.1.2. Farm yard manure application  
Cattle manure can supply much of the required phosphorus and potassium, as well as 
micronutrients. Cattle manure from Farta district contain 1.69%, 0.48%, 1.20%, 1.45%, 0.63% 
and 0.19% of N, P, Ca, K, Mg and Na, respectively (Asmare et al., 2015). Cattle manure  helps 
in maintaining carbon, nitrogen ratio in the soil, increases soil fertility and productivity, improve 
the physical, chemical and biological properties, structure and texture, increases water holding 
capacity of the soil, minimizing the evaporation losses of moisture from the soil and reduce soil 
erosion (Krishan, 2005; Salahin et al., 2011). Application of manure to soil has beneficial effects 





Long-term application of cattle manure alone or in combination with urea and diammonium 
phosphate fertilizer (DAP) improved soil properties such as soil organic carbon (SOC), TN, 
phosphorous, potassium, calcium, and magnesium in the upper 10cm of the soil (Workneh, 
2015). Considering the economic status of farmers, using farmyard manure is considered an 
advisable management practice at the rate of 5–10 t ha-1 (Asmare et al., 2015). Cattle manure 
application increased the crude protein (CP) and in vitro dry matter digestibility (IVDMD) 
contents of the grasslands as opposed to chemical fertilizer application (Fekadu et al., 2017). 
2.5.1.3. Wood ash application  
Wood ash is the residue remaining after combustion of wood or unbleached wood fiber (Mark, 
2013; Nkana et al., 2002). Wood ash contains all the components of wood in a concentrated 
form, except for carbon and hydrogen, which evaporates during the firing of wood. Wood ash 
contains 0.15%, 1.24%, 15.90%, 2.23%, 2.64% and 0.22% of N, P, Ca, K, Mg and Na, 
respectively (Asmare et al., 2015). The application of wood ash can cause rapid changes in the 
chemical properties of the soil, especially in the top layer and the treatment can enhance the pH 
of the top layer (Ozolincius et al., 2007; Perucci et al., 2008). Soil acidity and lack of N 
fertilization limit the yield of forage grasses (Sandro et al., 2016). Soil acidity is positively 
affecting the microbial activity. According to Asmare et al. (2015), application of lime and wood 
ash increased the soil pH and available phosphorous (AP), reduced soil exchangeable acidity 
and aluminum and also increased plant height, dry shoot biomass, dry root biomass and 
phosphorous uptake. Ash contains moderate levels of calcium, potassium, magnesium, 
phosphorus, and sulfur and low levels of trace elements like boron and zinc. 
Wood ash application increased the CP and IVDMD contents of the grasslands (Fekadu et al., 
2017). The Wood ash must be applied and evenly mixed with the upper level of the soil before 
sowing; the recommended wood ash dose is 1 to 5 t ha-1 and in N deficient soils, it is 
recommended to combine the application of wood-ash with N fertilization (John et al., 2014). 
For the sustainable improvement of the grasslands in the long-term, application of organic 






2.5.1.4. Liming  
Lime are materials containing carbonates, oxides or hydroxides required to apply in acid soils 
to raise soil pH and in addition neutralize toxic elements in the soil  and also supplies significant 
amounts of Ca and Mg. Lime application can increase plant growth up to 45% over traditional 
limestone (Mark, 2013). According to Fernández et al. (2012) different liming rate for 
grasslands increases soil pH levels. The liming rate of 2.5 t ha-1 for grassland helps maintain 
soil acidity and to avoid yield loss (Nasedjanov, 2012). Lime application increased CP and 
IVDMD contents of the grasslands as opposed to chemical fertilizer application (Fekadu et al., 
2017). 
 2.5.2. Role of fertilizers on the botanical composition of grazing lands  
Appropriate grassland management through fertilization makes it possible to improve the 
botanical composition and quality of the forage (Marie et al., 2014). According to the reports of 
Tessema et al. (2010) stage of harvesting forage influenced botanical composition than 
application of fertilizer. Different species composition was dominant in the plot fertilized with 
cattle manure (Girma et al., 2003). 
2.5.3. Fertilizers effects on herbage yield of grazing land  
The application of fertilizers on natural pasture has been shown to improve the herbage yields 
(Adane and Berhan, 2005). Similarly, Yossif and Ibrahim (2013) reported application of 
fertilizer increased the forage yield of natural pasture. N fertilization reduced the legume content 
and increased grass proportion and total yield (Hanife, 2010). According to Adane and Berhan 
(2005), the yield of natural grasslands increased with increasing the levels of N fertilizer 
applications up to 125 kg/ha regardless of the decline in overall production due to frequent 
grazing and cuttings in one growing season. The total DM yield of fertilized plots of natural 
pasture was 9.47 t ha-1 as compared to unfertilized plots which was 5.67 t ha-1 in 90 days of 





2.5.4. Nutritional quality of forage as affected by fertilizer application 
The factors that have been reported to affect the nutritional quality of herbaceous plants include; 
seasonal variability, species variation, soil nutrient status of production location, grazing 
pressure and management aspects (Tessema et al., 2011; Henkin et al., 2011; Arzani et al., 2008; 
Van der Westhuizen et al., 2005). Some of the options that improve both the quality and quantity 
of grassland under smallholder livestock production systems are harvesting the grassland at an 
appropriate stage of growth combined with the application of economically feasible fertilizer 
with a good balance of grasses and herbaceous legume combination (Taylor et al., 2012; 
Ashagire, 2008). According to Abdi et al. (2015) application of N fertilizer, improved both 
quantity and quality of forages. Fertilizer application consistently increased CP and total 
digestible nutrient and decreased acid detergent fiber (ADF) and neutral detergent fiber (NDF). 
Addition of N fertilizer tends to increase IVDMD of grasses when compared with plots receiving 
non N (Tessema et al., 2010). N fertilization of grass affects herbage digestibility only slightly 
and improved organic matter digestibility of grasses during the earlier part of the growth period. 
According to Marie et al. (2014) cattle slurry application significantly increased the 
concentration of CP and DM compared to unfertilized plot. This result indicates that 
collecting manure from grazed plots resulted in reduced biomass production in comparison with 
manure applied plots. To maintain the required amount of total DM yield, CP and digestibility 
for ruminants, the presence of herbaceous legumes in the grassland is paramount importance, 
and this can be achieved through an appropriate stage of harvesting coupled with the application 
of an optimum level of N fertilizer (Tessema, 2005).  
2.6. Soil Physical and Chemical Properties 
Soil degradation is one of the major factors that hinder agricultural land productivity. It is the 
result of past land use changes and intensive agricultural practices (Hurni, 1985). Due to the 
vegetation cover change which reduces organic matter and nutrients available to plants the 
productivity of the land will decrease. This reduction in vegetation cover may increase erosion 
of the fine and top layer soil. The land use and land cover changes have a significant impact on 
deteriorating the physical and chemical properties as well as the biological activity of the soil 





Inappropriate land use and land cover change like deforestation, overgrazing, and expansion of 
agricultural lands has left the land barren, which reduces the biomass (vegetation cover) and 
results in a decline in soil organic matter content, availability of nutrients and soil moisture (Mao 
and Zeng, 2010). The lower organic matter, content decreases the moisture holding capacity and 
nutrient availability in the soil. This also affects plant root penetration and biological activities 
in the soil (Gardner et al., 1999). But as soil organic matter increases aggregate stability will be 
maintained by the increasing cohesion of aggregates, which reduces the loss of fine soil particles 
(Chenu et al., 2000). With the increasing organic matter, content N mineralization also increases 
(Mao and Zeng, 2010). Organic matter may also maintain the soil pH. Soil pH manipulates the 
availability of essential soil nutrients which affect plant growth and soil quality as a whole 
(Wong, 2003).  
In acidic soil as the pH lowers, the availability of micronutrients like aluminium and iron may 
be dominant and the toxicity of these nutrients may increase. In alkaline soils also the 
availability of calcium and magnesium may increase, but as the pH increases sodium toxicity 
may increase. The availability of phosphorus and other essential elements may be maintained 
when the soil is around a neutral pH condition. The major soil physical properties are color, 
texture, bulk density, water holding capacity and chemical properties such as soil organic 
carbon, soil organic matter, pH, electrical conductivity, available phosphorus (AP), total 
nitrogen (TN), cation exchangeable capacity (CEC) and concentration of different nutrients in 






3. MATERIALS AND METHODS 
3.1. Description of Study Areas  
3.1.1. Location of the study areas 
The study was conducted in Adami Tulu Jido-Kombolcha (ATJK) and Arsi Negelle districts of 
East Showa and West Arsi Zone of Oromia Regional State, respectively from July to September 
2017. ATJK district is located in the middle rift valley of Ethiopia, at 160 kilometers from the 
capital city of the country, in southeastern part of Oromia. The district is located between 38°20’ 
and 38.5°5’ E and 7°35’and 8°05’ N. It lies at altitudinal range from 1500 to 2000 masl. The 
total land area of the district is 1403.3 kilometers square which is inhabited by 177,492 people, 
of which more than 79% are living in the rural area (Assefa et al., 2013). The Arsi Negelle 
district is located at about 226 kilometers from Addis Ababa with an area of 1838 kilometers 
square. Geographically, the district is located from 38º 25' E to 38º 54' E longitude and 07º 09' 
to 07º 41' N latitude. It has borderlines with Southern Nations, Nationalities and Peoples 
Regional State (CSA, 2012).  
 





3.1.2. Climatic condition and topography 
The agro-ecology of ATJK district is semi-arid and sub-humid in which 90% of the area is 
lowland while the remaining 10% is intermediate with altitude ranges from 1500 –2000 masl. 
The minimum and maximum temperatures are 22 to 28Co, respectively. It has an average annual 
rainfall of 760 mm. It has a bimodal rainfall from March to April (short rain season) and July to 
September (long rain season) with a dry period in May to June, which separates short rains from 
long rain (Teshome et al., 2012). The Arsi Negelle district is grouped into three climatic zones 
based on altitude. These are low, mid and high altitude ranging from 1500- 3070 masl. The 
mean annual rainfall of the district is 825mm. It has a bimodal rainfall pattern with a short rainy 
season (“belg”) from March to May and the main rainy season (“kiremit”) from late June to 
September. The dry season (“bega”) in the area is mostly from October to February. The dry 
season limits the water availability of the study area. The annual temperature varies within a 
range of 16 - 25 Co (CSA, 2012).  
 
 Figure: 2 Rainfall, maximum and minimum temperature of ATJK and Arsi Negelle during the 























3.1.3. Soil types 
Most of the land of ATJK district is topographically flat having sandy loam and Andosol soil 
type. In Arsi Negelle 52.2% of the land are covered with Andosol while the rest percent is 
covered with Nitosols (CSA, 2012). Generally, the soil types of rift valley are dark grayish and 
free draining, and lack distinct profile development (FAO, 2011). 
3.1.4. Farming system 
The majority of the population of both districts depends on rain-fed agriculture; the farming 
system is characterized by mixed crop-livestock production system with wide ranges of cereals 
and livestock husbandry practices. The livelihood of the farmers depends on the production 
of cereals along with livestock that is kept on natural pasture and crop residues (FAO, 2011). 
The major crops cultivated in Arsi Negelle are Maize, Teff, Wheat and Barley and the dominant 
crop cultivated in ATJK is Maize. Cattle, Horse, Sheep, Goat, Poultry and Donkey are kept by 
the majority of households in both districts (Taha et al., 2014).  
3.1.5. Vegetation of the study areas 
The study areas are mainly covered by acacia woodland. In addition, bush land, shrub and 
herbaceous species (including grasslands). According to the report of Mikias (2014) the land 
coverage and land use of the Arsi Negelle district is bare land (1.3%), grazing land or grass land 
(7.0%), cultivated land (27.8%), shrubs or bush land (40.7%) and acacia woodland (23.25%). 
In ATJK the land is mainly covered with shrubs, cultivated crops and private pasture grazing. 
The vegetation compositions and species of grazing land are varying with increasing and 
decreasing altitude (Mekonnen and Ali, 2013). 
3.2. Methodology  
3.2.1. Site selection 
Site selection was conducted with the help of agricultural experts of the districts. Discussion 
was held with farmers on the objective of the experiment, voluntary farmers were selected and 
the trial was conducted on the private degraded grazing land. The study sites were selected based 





was from the Arsi Negelle district. Degraded grazing land was selected by experts by 
considering species composition and status (bare land or not) of the grazing land.  
3.2.2. Experimental layout, design and treatments  
The study was conducted by randomized complete block design with three replications. The 
trial had five treatments involving the application of 1) Control (Plot with no fertilizer source 
application), 2) Chemical fertilizer (a combination of urea and DAP), 3) Cattle manure, 4) 
wood ash, 5) lime. The rates of application were 50 kg urea and 100 kg DAP ha-1, 7.5 t ha-1 
cattle manure, 3 t ha-1 wood ash and 2 t ha-1 lime (Fekadu et al., 2017). The control was 
managed in the same way as other experimental plots. The layouts of the experiment were as 
described in Figure 3. Chemical fertilizer and lime were acquired from commercial suppliers 
while the rest were collected from farmer’s house in the study areas. 
Selected site was enclosed and ripped to incorporate the treatments into the soil and prevent 
nutrient leaching. After the sites were selected background soil samples were collected and the 
plot layout was laid. The amount of treatments needed for each plot was weighed by using 
sensitive balance. All the DAP and half of urea were mixed together and half of it was sown 
over plots. The remaining half of the urea was applied to experimental plots after a month. Cattle 
manure was dissolved into water and applied in the form slurry. Wood ash and lime were slightly 
rinsed with water to prevent wind removal and applied uniformly to the experimental plots. The 
treatments were applied in July 8 and 10, 2017 at ATJK and Arsi Negelle districts, respectively, 






Figure: 3 Treatments and experimental field layout during the experimental period 
3.2.3. Forage sampling procedures  
The forage samples were harvested from three randomly laid of 50 cm × 50 cm quadrat within 
each plot using a hand operated sickle, about 0.5cm near the ground at its 50% flowering stage. 
After harvesting, the total fresh weight of the forage sample from each plot was measured 
immediately for biomass yield determination using a sensitive balance. The sample of each plot 
was further categorized into different botanical compositions (grass, herbaceous legume and 
forbs). Each botanical component was weighed separately to determine the contribution of each 
component in the total DM yield of the pasture. Furthermore, all species were listed, recorded 
and identified based on, their leaf and stem structure and floristic (flowering) characteristics of 
each botanical component. Identification of the species was undertaken with the assistance of 
experienced field technicians from Adami Tulu research center. The nomenclature was done by 
following (Fromann and Persson, 1974; Edwards et al., 2000). Herbaceous species were 
categorized into four palatability classes, as highly palatable (decreasers), palatable, less 
palatable (increasers), and unpalatable (invaders) based on the opinion of livestock owners. The 
average height of five random sampled plants in each plot was measured in centimeter from the 







3.2.4. Dry matter yield 
The DM yield of each botanical component in each plot was determined by drying a 
representative sample in an oven at 60° C for 72 hours for partial DM determination. DM yields 
were determined at the Adami Tulu Research Center in Animal feed laboratory. The DM yield 
of each botanical component was calculated separately and added together to provide the total 
DM yield of the plot, and the final DM yields were reported in tons per hectare. The dry matter 
production (ton/ha) was calculated as (10 x TotFW x (DWss /HA x FWss)) (Tarawali et al., 
1995). Where, TotFW = Total fresh weight, DWss = reweight subsample, FWss = Fresh weight 
subsamples and HA = Harvesting area.  
3.2.5. Chemical analyses and in vitro dry matter digestibility 
Representative samples were taken from the whole harvested biomass for each replication 
of each treatment (plot) and oven-dried at 105 Co overnight for chemical analysis. The dried 
samples were ground to pass through a 1mm sieve for chemical analyses. Each sample was 
duplicated when chemical analysis was carried out, to increase the precision of the results. 
Ash was determined by igniting the samples in a muffle furnace at 550 Co for 3 hours.  
CP was calculated as N × 6.25 (Kjeldahl methods), NDF and ADF determined according to 
(Van Soest et al., 1991). Hemicelluloses and cellulose were calculated as NDF minus ADF, and 
ADF minus acid detergent lignin (ADL), respectively. The IVDMD was determined by Tilley 
and Terry (1963). The metabolizable energy (ME) content was estimated from IVDMD value 
by using the equation: ME (MJ/kg DM) = 0.15*IVDMD (g/kg) (Beever and Mould, 2000). Ash, 
NDF, ADF, ADL, ME, IVDMD and CP were determined in animal feed analytic laboratory of 
the International Livestock Research Institute (ILRI) by near infrared reflectance spectroscopy 
(NIRS). 
3.2.6. Soil sample collection procedure  
The soil samples from degraded experimental sites were collected at a depth of 20 cm by using 
augur before and after applying treatments. The soil was taken in a zigzag form the whole trial 





one composite sample that represents the site, but after harvesting soil samples were taken from 
each plot  separately and  kept for analyzing. 
3.2.7. Soil analysis 
 Soil samples were dried to determine the soil properties; pH, soil organic carbon (SOC), electro-
conductivity (EC), AP, exchangeable potassium, calcium, sodium, magnesium, TN and soil 
texture. The soil textural analysis was performed using the pipette method Sheldrick and Wang 
(1993); TN found in the soil samples was analyzed using the Kjeldahl method (Cottenie, 1980). 
SOM was determined by multiplying % OC by the factor of 1,724 (Brady, 1990). AP was 
determined using the Olsen II method (Olsen and Dean, 1965). EC was analyzed using the 
sodium saturation ratio (Van Reeuwijk, 1992) and CEC was estimated titrimetrically by 
distillation of ammonia that was displaced by sodium (Chapman, 1965). Exchangeable cations 
sodium, potassium, magnesium and calcium were extracted with ammonium acetate and 
analyzed using atomic absorption spectroscopy. Soil pH was determined in a 1:1 soil to water 
suspension. The soil analysis was conducted at Oromia Water Works Design and Supervision 
Enterprise. 
3.2.8. Data analysis  
To test for differences in all data recorded, such as total DM yield, botanical species 
composition, nutritional quality and soil properties, a Generalized Linear Model was applied to 
location, fertilizer treatment and their interactions, as independent factors, and replication as a 
random factor, using SAS Software (SAS Inc., 2004). Tukey HSD-test was employed to 
investigate significant differences between means at P≤ 0.05. Proportional data were arcsine 
transformed to meet the assumptions of normality and homogeneity of variance. The model for 
determining data for the trial was:  
Yijk = µ + Ai+Bj + (AiBj) + Eijk 
                                       Where:  Yijk = the measured response 
                                                      µ = overall mean 
                                                      Ai = treatment effect 
                                                      Bj = site effect  
                                                      (AiBj) = interaction effect of ith treatment and jth site 





3.3. Partial Budget Analysis 
A partial budget analysis was undertaken by using the procedure of Upton (1979) to determine 
the profitability of established grazing land with the application of different source of fertilizers. 
Cost of pasture (dried and fresh hay) harvested were estimated by comparing the dominant crops 
cultivated in the study areas in Birr and the profit was analyzed by using Excel Program 
Microsoft Cope. The net return was calculated as:  
                                NR = TR-TVC 
                                                                  Where:- 
                                                                                NR = Net Return, 
                                                                                 TR = Total Return and 







4. RESULTS AND DISCUSSION 
4.1. Soil Physical and Chemical Properties  
4.1.1. Soil physical property of trial sites before the experiment 
The particle size distribution of the results of the soil of the study sites is indicated (Table 1). 
Textural analysis of the composite soil samples showed that the soil classes of the trial plot were 
sandy loam at ATJK and clay loam at Arsi Negelle. This indicated the presence of variation in 
soil texture among study sites. Soil physical properties generally change with the changes in 
land use systems and its management practices for a certain period (Chimdi et al., 2012). 
According to the report of Odeh et al. (2003), soil texture is the most important attribute 
affecting physical and chemical processes in the soil. 
4.1.2. Soil chemical properties of trial sites before the experiment 
The EC of the soil indicates the amount of salt in the soil. According to Tekalign et al. (1991), 
soil samples with EC greater than 4mmhos/cm indicates the occurrences of excess salts in the 
soil and it needs reclamation. According to this classification, EC of both study areas were free 
of salts (Table 1). The soil pH showed a decreasing in acidity with increasing altitude and also 
depending on the land use and land coverage of the area. This could be due to high precipitation 
in the highland, causing an increase in leaching of base cations (Smith et al., 2002). The soil pH 
is naturally affected by climatic condition, soil parent material and vegetation cover, whereas 
fertilization and irrigation are considered as human-induced factors (Brady and Weil, 2008). 
The TN content of soil at Arsi Negelle was categorized as high, and as low at ATJK in reference 
to the classification of previous works (Tekalign et al., 1991; Driven et al., 1973). The SOC 
percentage was low at Arsi Negelle and very low at ATJK in accordance with Landon (1991) 
and Driven et al. (1973), this might be due to overgrazing. The AP of the natural grazing land 
at Arsi Negelle and ATJK can be categorized as low level based on classification of Driven et 
al. (1973). The CEC at ATJK and Arsi Negelle indicate that grazing land with such amount of 
CEC is classified as medium infertility (Tolera et al., 2015). Based on the ratings of Tekalign et 
al. (1991), which states that a soil consisting of exchangeable Ca values greater than 





calcium soil. The value recorded for exchangeable magnesium was also higher, whereas the 
value of exchangeable potassium recorded was low at both sites. 
4.1.3. Soil physical property of post experiment  
Soil texture was not varied after applications of different source of fertilizers indicating soil 
texture do not change within a short period of time (Table 2). However, the soil textural classes 
obtained were significantly different between study sites (P<0.001).  
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Table: 1 Chemical and physical properties of trial sites before the experiment 






























Arsi Negelle 6.81 0.13 0.36 4.0 31.09 4.03 2.93 35.9 0.2 2.08 20 43 37 CL 
ATJK 6.12 0.08 0.21 4.45 15.17 2.14 0.2 33.3 0.08 0.83 54 27 19 SL 
ATJK= Adami Tullu Jido Kombolcha; EC=Electro conductivity; mmhos = mili mhos; cm = centimeter; cmol=centimoles of cation; 
TN= Total Nitrogen; P= phosphorus; Na= Sodium; Mg=Magnesium; K= Potassium; Ca= calcium; EC= electro Conductivity; pH = 
Power of Hydrogen; ppm = parts per million; CEC=Cation exchangeable capacity; OC=Organic carbon, CL=Clay Loam and 
SL=Sandy Loam. 
  Table: 2. Post experiment of soil textural classes 
Soil particles 
                            Treatments_________________           Sites____           Significance__________ 
T1 T2 T3 T4 T5 Arsi N ATJK SEM Tr Site Tr*site 
Sand  36.67       38.33 37.67       37.67       37.33       19.6b 55.6a 1.36       ns *** ns 
Silt 32.67b      35.00a 34.67ab     34.33ab       33.67ab      41.7a 26.6b 1.75      ns *** ns 
Clay  28.00 29.00 28.00 28.00 28.00 38.7a 17.8b 1.59      ns *** ns 
Class CL CL CL CL CL SCL SL  
a,b = Means with the same letter in the same row are not significantly different, *** = (P<0.001), ns = non-significant, CL= Clay 
Loam, SCL= Silty Clay Loam; SL=Sandy Loam; SL= Sandy Loam Tr=treatment; Tr*site=Treatment and site interaction, 
SEM=Standard error of the mean; T1= Control (no fertilizer application), T2= a combination of urea and DAP (50 + 100 kg ha-1 




4.1.4. Soil chemical properties of trial sites after the experiment 
The soil chemical properties of the study sites were significantly different (P<0.001) (Table 3). 
Analysis of variance for soil parameters after harvesting of the forage indicated that the EC of 
the soil slightly increased as compared to the value obtained from the soil samples before 
treatment application in both study sites. Lime application increased EC value; this value shows 
that the soil with such amount of EC is free of a salt which is suitable for pasture growth. The 
highest EC value was recorded at Arsi Negelle due to the high value of Ca and Mg attained. The 
increase in EC was associated with increased concentrations of Ca and Mg in wood ash and 
lime treatments (Table 3).  
Soil pH was significantly increased in all treatments except for the control. The maximum pH 
value was observed in wood ash treatment (Table 3). Wood ash can induce rapid changes in the 
chemical properties of the soil, especially in the top layer (Ozolincius et al., 2007; Perucci et 
al., 2008). Wood ash application increased soil pH over other treatments due to the high 
composition of Ca and Mg in wood ash which distress soil acidity. This character made wood 
ash as the best alternative to be used as liming materials for soil chemical property modification. 
According to Adekayode et al. (2010) wood ash improves soil biological quality and fertility in 
acid soils. Cattle manure application also improves soil acidity by increasing the SOM, 
promoting the soil maturation, improving the soil structure, and enhancing the soil base 
saturation percentage (Zhang et al., 2009). The overall mean value of the pH was near neutral; 
which is appropriate for natural pasture production. According to the report of USDA (1998), 
soil pH below 5.6 and 6.0 to 7 is considered as low for the development of grasses and ideal for 
the soil microorganism and plant growth, respectively, and soils with pH above 8.5 are toxic to 
many plants (Brady and  Weil, 2008).   
The TN was increased by application of the chemical fertilizer (P<0.001). Chemical fertilizer 
remarkably improved SOC as compared with the rest of the treatments. According to the report 
of Khoi et al. (2010) and Hanife (2010) urea fertilizer application increased TN and SOC, since 
urea fertilizer is a good sources of N. Similar studies have documented that the use of urea and 
DAP increased the concentrations of SOC, TN and the other nutrients in soil layers when applied 




have shown that continued use of chemical fertilizers may result in the decline of soil quality, 
productivity and kill soil friendly micro-organisms (Yang et al., 2006; Muhammad et al., 2007).  
Application of cattle manure slightly increased the level of TN, since cattle manure leads to 
slow release of soil nutrients (N). Cattle manure has high organic matter content to restore the 
depleted organic matter in the degraded areas. This result indicated that TN recorded in the 
study site was increased in small amount within one season. A large number of studies have 
shown that a long-term application of organic fertilizers increases SOC content and soil fertility 
(Liu et al., 2010; Nikoli and Matsi, 2011; Zhang et al., 2010). According to Gu et al. (2009) and 
Liu et al. (2011) cattle manure application to soil markedly increases the contents of SOC, TN, 
and other available nutrients and provide several potential benefits by improving soil structure, 
fertility and increasing SOM. 
Soil chemical property of AP levels was affected in study sites (P<0.001) by treatment 
application as in other soil chemical properties. The AP for soil samples after harvest was lower 
than before the treatment application except in cattle manure and chemical fertilizers at the Arsi 
Negelle experimental site. This showed that there was more utilization of phosphorus by the 
legume emerged from this site as indicated by the higher proportion of legume species at this 
site was higher as compared to ATJK. This result was confirmed by Snyman (2002), who noted 
the growth of legume plants can be improved by the availability of Phosphorus fertilizers in the 
rangelands. Cattle manure application was significantly improved AP (P<0.001).  According to 
Matsi et al. (2003) cattle manure application increased soil available macronutrients; N, P and 
K. Chemical fertilizer (DAP) contributed the highest AP followed by cattle manure than the 
other treatments. 
Increased CEC value at Arsi Negelle and reduction at ATJK might be due to low availability of 
Ca, Mg, TN and SOC at ATJK. The chemical fertilizers resulted in the highest mean value of 
CEC (Table 3) in Arsi Negelle trial site. This contributed to the growth of plants and returns of 
decomposed material into the soil and result in higher levels of CEC and good soil texture. The 
cattle manure application also increased mean value of CEC followed by chemical fertilizers. 
According to Harris (2002) the addition of cattle manure to fields can improve soil pH, CEC, 




Variations of soil chemical properties were observed due to the effects of treatment application 
on degraded grazing land of the sites. Application of treatment increased exchangeable Calcium, 
potassium and Magnesium in the study sites with the exception of carbon and nitrogen that are 
mostly evaporated during combustion. Similar result was reported by Odlare and Pell (2009). 
Achalu et al. (2012) stated that an increase in Mg in the wood ash application was due to the 
high consistence of alkali metals that made wood ash to be preferred as best liming materials. 
Chemical fertilizer also increased exchangeable Na, which indicates that urea has a role to 
increase exchangeable Na in relation to increasing SOC. Soil exchangeable bases were 







Table: 3. Post experiment soil chemical properties 
a,b,c = Means with the same letter in the same row are not significantly different, *** = (P<0.001), ** = (P<0.01), 
ns = non-significant, EC(mmhos/cm)=Electro conductivity; mmhos = mili mhos; cm = centimeter; TN(%)= Total Nitrogen; P(ppm)= 
phosphorus; Na(cmol/kg) = Sodium; K(cmol/kg)= Potassium; Ca(cmol/kg) = calcium; EC= electro Conductivity; pH = Power of 
Hydrogen; ppm = parts per million; Tr*site= Treatment and site interaction; CEC(cmol/kg) = Cation exchangeable capacity; 
cmol=centimoles of cation; OC(%)=Organic carbon, Tr=Treatment, LSD=Least significance difference; SEM=Standard error of the 
mean and SL=Significance level, T1= Control (no fertilizer application), T2 = a combination of urea and DAP (50 + 100 kg ha-1 




                                        Treatments________         Sites___                 Significance_____ 
T1 T2 T3 T4 T5 Arsi N ATJK SEM Tr Site Tr*site 
pH 5.97c 6.50b 6.82ab 7.25a 6.58b 6.7 6.6 0.44 ns *** ns 
EC(cmol/kg) 0.12b 0.13b 0.17b 0.14b 0.41a 0.3a 0.1b 0.06 *** *** ns 
Na(cmol/kg) 0.61b 0.74a 0.69ab 0.70ab 0.68ab 1.1a 0.3b 0.10 ns *** ns 
K(cmol/kg) 4.44b 4.76ab 4.69ab 4.95a 4.83ab 4.1b 5.4a 0.42 ns *** ns 
Ca(cmol/kg) 25.13 26.47 27.07 27.77 27.62 34.5a 19.3b 2.41 ns *** ns 
Mg(cmol/kg) 4.01 4.13 4.06 4.31 4.21 5.2a 3.1b 0.59 ns *** ns 
P(ppm) 1.53b 2.24b 4.08a 1.64b 1.58b 3.4a 1.1b 0.98 *** *** ns 
CEC(cmol/kg) 39.35b 41.43a 40.10ab 39.87ab 39.47b 48.1a 32.0b 1.62 ns *** ns 
TN (%) 0.11c 0.32a 0.22b 0.15bc 0.15bc 0.2 0.2 0.07 *** ns ** 




4.2. Effect of Type of Fertilizer on Botanical Composition and Chemical 
Quality of Grazing Lands    
4.2.1. Botanical composition of natural pasture 
Species composition of grazing lands was observed to be diverse in the field study and the result 
obtained for species type and their composition is indicated (Table 4). Twenty-four species were 
identified across the study locations which include 13 (54.2%) different grass species, 6 (25%) 
forbs, 2 (8.3%) legumes, 2 (8.3%) trees and 1 (4.2%) sedges. In life form, 66.7% were annuals, 
while the rest were perennial species.  
The proportions of legume species were higher than the grasses and forbs components under the 
cattle manure and wood ash application as compared to the chemical fertilizer. However, the grass 
species compositions and total DM yields were higher under chemical fertilizers (Table 5). The 
present finding was similar with Lee and Lee (2000) who noted that fertilization with N stimulates 
grass growth than legume. There is less response of legumes to N than grasses; while the grass will 
give greater responses to N (Steele, 2008). On the other hand the presence of high levels of nitrate 
or ammonium inhibits nodulation and reduces the rate of N fixation. The grass growth and biomass 
yield are positively correlated with soil-available N (Schipanski and Drinkwater, 2012). The 
proportion of forbs in control plot was higher which could be due to the faster growth of annual 
weeds, which are pioneer plant communities in degraded ecosystems (Maries et al., 2014). 
Cenchrus ciliaris and Cynodon dactylon were the dominant grass species in the sites. Table 4 
indicates the botanical compositions of grass and legume species were affected by treatments and 
sites. The availability of native pasture varies with altitude, rainfall and soil type (Yayneshet, 2010). 
Legume species compositions were high at Arsi Negelle, while forbs and grass species were 
dominant species at ATJK. Among the grass species composition identified; 53.8% and 46.2% 
were decreasers and increasers, respectively and 100% of legumes were decreaser (Table 5). 
Croton megalocapus and Ocimum urticifolium, which are considered as woody and forbs 




Table: 4 List of species composition  
NB:- HP- Highly Palatable, P- palatable, LP-Less Palatable, UP-Unpalatable and Un- Unkown 
 
Local name  
(Oromifa) 
Botanical name  Family name  Functional 
group  
Availability (%) Life form  Palatability  
ATJK Arsi N 
Huffee Aristida adscension Poaceae Grass - 3.69 Annual  P 
  Un Bracharia mutica Poaceae Grass 0.50 19.08 Annual  HP 
Migira Sare Cenchrus ciliaris Poaceae Grass 47.55 0.08 Perennial  P 
Sardo        Cynodon dactylon Poaceae Grass 10.80 39.15 Perennial  HP 
Un Dactyloctenium aegypticum Poaceae Grass 11.69 - Annual  P 
Lukkolee Digitaria velitina Poaceae Grass 5.00 4.80 Annual  P 
Maqallaa Eleusine multiflora Poaceae Grass - 19.50 Perennial  LP 
Xaafii Sinbiro Eragrostis tenuifolia Poaceae Grass 4.63 0.1 Annual  LP 
Biphee Harpachne schimpeli Poaceae Grass 3.44 - Annual  LP 
Sanbaleexa Hyparrhenia rufa Poaceae Grass 0.85 - Annual  LP 
Wita  Pennisetum clandestinum Poaceae Grass - 0.23 Annual  LP 
Un Phalaris paradoxa Poaceae Grass 2.05 1.62 Annual  P 
Murii Sporobolus pyramidalis Poaceae Grass 0.70 - Perennial   LP 
Un Indigofera spinosa Leguminaceae  Legume 2.02 - Perennial HP 
 Sidisa    Trifolium campestre Leguminaceae Legume - 1.83 Annual  HP 
Rafu Amarhanthus aspera Acanthaceae Forb - 1.5 Annual  LP 
Laluucha Commelina benghalensis Commelinaceae Forb 1.60 - Annual  P 
Abba dabo Galinsoga quadriradiata Asteraceae Forb - 0.7 Annual  P 
Darguu  Hypoestes forskaolii Acanthaceae Forb 2.00 - Perennial UP 
Haraamuu Ocimum urticifolium Lamiaceae Forb 3.13 - Annual  UP 
Qumudo Tribulus terrestris Zygophyllaceae Forb 3.68 7.27 Annual  UP 
Xadecha Acacia tortilis Mimosideae Tree  0.36 - Perennial  HP 
Bakanisa Croton megelocapus Euphhorbiaceae Tree - 0.09 Perennial  UP 




Table: 5 Percent class of species composition  
Category Grasses Legumes Forbs Sedges Trees 
% Decreasers 53.8 100 33.3 - 50 
% Increasers  46.2 - 16.7 100 - 
% Invaders  - - 50 - 50 
4.2.2. Total herbage yield and plant height of fertilized natural pastures 
There were significant variations in total DM yield of the natural pasture with the application of 
treatments (P<0.001) (Table 5). The mean DM yields recorded as a result of fertilizer application 
were the best, with what was recorded in control plots. Chemical fertilizers improved total DM 
yield of natural pastures, which agrees with the finding of Yihalem (2004) (6 t ha-1) from a well-
managed natural pasture. According to Ahmed et al. (2013) application of urea fertilizer increased 
hay yields of grasslands, because this fertilizer mineralized quickly to release N that fastened the 
growth of high proportions of grass species. The current study also agrees with the finding of  
Tessema et al. (2010), Andic et al. (2001) and Cahiti et al. (2010) who reported that forage biomass 
yield production increased by chemical fertilizer application. In the present study, total herbage 
yield obtained from chemical fertilizers were higher than that reported by Fekadu et al. (2017). 
This difference might be due to combination factors of management practiced, rate of fertilizers, 
environmental factors and soil fertility of the study sites. Total DM yield obtained was higher at 
ATJK site due to the fact that its’ decomposition and utilization rate of fertilizers is high at high 
temperatures. The total DM yield recorded from wood ash treatment was also better than lime at 
both study sites followed by cattle manure; because the wood ash application increases plant growth 
and maintains favorable soil acidity to increase total DM yield. 
The plant height was significantly increased by treatment application (P<0.001) relative to the 
control plot. The tallest mean plant height was recorded in plots treated with chemical fertilizer, 
while the shortest was observed under control plots at both study sites (Table 6). This could be due 
to the fact that urea fertilizer quickly releases N which fastens plant growth as compared with other 
source of fertilizers. Phosphorus in DAP also enhance plant growth since it is essential for initial 




improve the yield (Gupta, 2011). Plant height was not significantly different (P>0.05) between the 
sites. Naturally the growth of pasture at midland was delayed from lowland which could be due to 
favorable temperature and precipitation, however, the plant height of pasture at both locations were 
equal; probably due to more availability of N and AP in the soil of Arsi Negelle that stimulated the 
growth of the plant than soil of ATJK. The cattle manure application also increased plant height. 
Manure plays an important role in nutrient cycling which provides nutrients for plant growth. 
According to the reports of Khan et al. (2010), Brock et al. (2006) and Nikoli and Matsi (2011) 
farm yard manure is a supplied, all major nutrient (N, P, K, Ca, Mg and S) as well as micronutrients 
(Fe, Mn, Cu and Zn) which are necessary for plant growth. Hati et al. (2006) reported that cattle 
manure application improved physical properties of the soil, which promoted higher nutrient and 
water uptake by plant roots and increased plant growth. 
4.2.3. Chemical composition and digestibility of natural pasture 
The CP content of natural pasture increased in magnitude by treatment application (P<0.01). The 
highest mean value of CP was documented from cattle manure application. This is because cattle 
manure increased legume botanical compositions. The present finding is similar to the finding of 
Solomon et al. (2008a) who reported the CP content of natural pasture to range 7.55 to 16.45%. 
According to Marie et al. (2014) cattle slurry application significantly increased the 
concentration of CP and total DM yield. Cattle manure and wood ash application promoted the 
growth of legumes that contributed to a higher CP value. This finding was confirmed by past 
research findings that stated CP content depends on plant species (Aydin and Uzun, 2005; Brum et 
al., 2009). In the present finding, the least mean value of CP was recorded in the control. The mean 
value of the CP content of natural pasture in the current study was higher than the critical value of 
7% required for normal rumen microbial function (Van Soest, 1982). Pasture and other roughage 
feeds are classified as high, medium and low quality according to their CP contents. Accordingly, 
roughage feeds with CP content of 9.92 to 15.2%, 6.6 to 9.1% and 3 to 6.5% were classified as 
high, medium and low quality roughage feeds, respectively (Nsahlai et al., 1996). Based on this 
report, the CP contents of natural pasture of the current study can be classified as high. There was 




content was recorded in Arsi Negelle as compared to the ATJK experimental site, which might be 
due to the higher composition of legumes in Arsi Negelle site. 
The total ash content of natural pasture was significantly affected (P<0.001) by wood ash. This 
treatment improved total ash content of natural pasture. This was due to the high mineral (Ca and 
Mg) contents as recorded from this treatment. This result agrees with that of Wilson et al. (2010), 
who reported that wood ash had more effect on total ash than lime application. According to 
Hoffman (2005) the normal ash content of legume-grass forages is near 9.0 % (DM basis), 
however, some legume-grass forages contain up to 10-18 %. The ash content of natural pasture in 
the present work was within the range of the above report (Table 6). Across the sites, ash content 
of natural pasture exhibited significant differences and on average, the ash content recorded at Arsi 
Negelle was higher than ATJK which might be due to the wood ash application that increased 
exchangeable Ca and Mg in the soil of Arsi Negelle trial site. The ADF and ADL content of natural 
pasture were not affected by treatment application, however NDF was significantly affected 
(P<0.01). In the present finding, control plots displayed the highest NDF and ADF than the treated 
plots. This is in line with the finding of Abdi et al. (2015). The average mean value of NDF of 
tropical grass is 66.2% (McDonald et al., 2002). The same author also stated that when the nutritive 
values of feed stuffs are high, the feed composition of the NDF and ADF is low. The average mean 
value of NDF of natural pasture in the present finding can be categorized as high quality forage. 
Feeds with more than 65% NDF are classified as low quality roughages (Singh and Oosting, 1992). 
There was no significant variation between sites in terms of ADF (P>0.05). The ADF of the present 
study can be categorized as high quality forage. According to Kellems and Church (1998) 
roughages with less than 40% ADF is categorized as high quality and above 40% as low quality. 
The overall mean of NDF content recorded at ATJK was higher as compared to Arsi Negelle which 
could be due to the effects of temperature.  Linn and Martin (1999) stated that forages at the same 





4.2.3.1. In vitro organic matter digestibility 
The IVDMD of natural pasture was not affected by treatment application. The highest mean value 
of IVDMD was recorded from cattle manure application. This could be due to the presence of high 
herbaceous legume botanical composition of the natural pasture recorded under the cattle manure 
applied plots (Table 6). The current finding agrees with that of (Fekadu et al., 2017). However, the 
obtained value in the present finding was higher than the report of this author (47.83%).  The 
average mean values of IVDMD of the present work were lower than the values reported by 
Meissner et al. (2000), who stated that in vitro digestibility values greater than 65% indicate better 
nutritive value, and values below this level reduced intake due to lowered digestibility. There was 
no significant difference between sites in terms of IVDMD by application of different source of 
fertilizers. 
4.2.3.2. Metabolizable energy  
The ME of natural pasture was not significantly affected by treatment application (P>0.05). 
Metabolizable energy for all treatment is higher than the critical threshold level of 7.5 (MJ kg/ha 
DM) for roughages as noted by Owen and Jayasuriya (1989). The average mean value of the ME 
recorded in the present work was similar with Gatensby (2002) who reported that ME of nature 
pasture to range between 8-10%. The highest mean value of ME was recorded from chemical 
fertilizer due to higher composition of grass species in this treatment. The ME of natural pasture 
was significantly different among the study sites. The interaction effect between sites and 





            Table: 6. Botanical composition and chemical quality of natural pasture 
Herbaceous 
and Chemical 
                                         Treatments__________          Sites____              Significance_______ 
T1 T2 T3 T4 T5 Arsi N ATJK SEM Tr Site Tr*site 
Grass (g/m2) 179.75d 501.37a 359.26b 312.37bc 249.43cd 248b 392.3a 82.6 *** *** ns 
Legume (g/m2) 2.09c 2.09c 25.28a 15.75b 3.53c 16.3a 5.5b 6.46 *** *** * 
Forb (g/m2) 42.42a 9.23b 24.83ba 33.50ab 40.16a 28.8 31.3 20.6 ns ns ns 
PH (cm) 48.11c 72.55a 62.443b 61.94b 59.00b 60.8 60.8 5.32 *** ns ns 
THDMY(tha-1) 1.88c 6.65a 4.29b 4.28b 3.52b 3.9 4.3 1.11 *** ns ns 
DM% 92.32c 94.38a 93.54ab 92.63bc 92.80bc 92.9 93.3 0.83 *** ns * 
CP% 9.58c 12.58abc 15.74a 15.19ab 11.38bc 13.5 12.3 3.29 ** ns ns 
Ash% 9.81c 12.80a 13.12a 13.69a 11.03b 14.3a 9.9b 0.85 *** *** *** 
NDF% 65.68a 64.22a 61.68b 64.82a 65.23a 63.8 64.9 1.95 ** ns ns 
ADF% 37.63 36.05 35.93 36.15 36.67 36.1 36.9 2.09 ns ns ns 
ADL% 3.88 3.58 3.35 3.63 3.64 3.6 3.7 0.44 ns ns ns 
IVDMD% 58.95b 59.64ab 60.87a 59.34ab 59.05 59.1 59.9 1.43 ns ns ns 
ME (MJ) 8.08 8.19 8.18 8.15 8.13 7.9b 8.4a 0.21 ns *** ns 
 a,b,c,d = Means with the same letter in the same row are not significantly different, *** = (P<0.001), ** = (P<0.01), 
* = (P<0.05), ns = non-significant, THDMY(tha-1)=Total Herbage dry matter yield; PH= Plant Height; SEM=Standard error of the 
mean; Tr = treatment; Tr*site = treatment and site interaction; CP = Crude Protein; DM = Dry Matter; NDF = Neutral Detergent 
Fiber; ADF= Acid Detergent Fiber, ADL= Acid Detergent lignin; IVDMD (%)= In Vitro Dry Matter Digestibility; T1= Control (no 
fertilizer application);T2 = a combination of urea and DAP (50 + 100 kg ha-1 respectively); (T3) = Cattle manure (7.5 t ha-1); (T4) 




4.3. Partial Budget Analysis  
4.3.1. Costs and net returns of biomass and grain yield in study districts 
 Partial budget analysis was performed to compare the economic significance of biomass yield of 
degraded grazing land with grain yield of the dominant crop cultivated in the study areas. Selling 
of pasture harvested from protected grazing or pastures grown on the borderline of the farm land is 
well known in the study districts. The partial budget analyses were undertaken by considering two 
time periods, time of harvesting (fresh) and during the dry season (dry hay) based on grass biomass 
yields. Application of chemical fertilizers was beneficial to the farmers as the net return was 
attractive to invest more at the time of the dry season (18206 and 26570 Birr ha-1 at Arsi Negelle 
and ATJK, respectively, Table 7).  It was also interesting for farmers to invest more cattle manure 
application to fetch additional income at the time of harvesting in ATJK.  
Table 8 indicates that the total return obtained from grain yield were 5,765, 11,028, 12,055 and 
2,336 Birr kg/ha of Maize, Barley, Wheat, and Teff, respectively. As indicated from the partial 
budget analysis (Table 6), biomass yield from chemical fertilizers and cattle manure application on 
degraded grazing land returned higher net income at dry season as compared to the grain yield of 
cultivated crop in the districts. Thus, it indicated that grazing land fertilization is economically 
feasible for small holder farmers to increase availability and quality of feed resources and also 
income. Therefore, the application of chemical fertilizers and cattle manure on degraded grazing 
land resulted in more income when stored (dry hay) and sold at the time of the dry season as 




Table: 7 Costs and gross return of total biomass yield of natural pasture 













































































































































































T1 2038 3057 7133 - 1200 1857 5933 1714 3428 7713 - 1200 2228 6513 
T2
  
6439 9658 22536 2600 1730 5328 18206 6866 13733 30900 2600 1730 9403.27 26570 
T3
  
3823 5735 13381 - 1430 4305 11951 5473 10946 24629 - 1430 9516.14 23199 
T4 3110 4666 10886 - 1430 3236 9456 3934 7868 17703 - 1430 6438 16273 
T5 4382 6573 15337 7200 1730 - 6407 4210 8420 18945 7200 1730 - 10015 
T1= Control (no fertilizer application); T2= a combination of urea and DAP (50 + 100 kg ha-1 respectively), (T3) = Cattle manure 
(7.5 t ha-1), (T4) = Wood ash (3 t ha-1) and T5= Lime (2 t ha-1); DMY=Dry Matter Yield; (**) = Fencing, fertilizing, harvesting, 
transport and storage; HT= Harvesting time (fresh hay); DS= Dry season (dry hay) and  NR = Net return. 





 Total Cost (Birr ha-1) Total Revenue (Birr ha-1) Net Return 
(Birr ha-1) Fertilizer Plough Weeding Chemical + Seed Harrowing (**) Grain cost Straw  
Maize 36.27 3800 2200 457 800 830 2800 15,052 1600 5,765 
Barely 22.86 3800 2200 - 720 - 2600 18,448 1900 11,028 




Teff 7.88 3800 2200 850 720 - 2850 10,656 2100 2,336 




5. SUMMARY, CONCLUSION AND RECOMMENDATIONS 
5.1. Summary and Conclusion 
The study was conducted in ATJK and Arsi Negelle districts from July to the end of September 
2017, with the objectives to determine the effect of applying different sources of fertilizer on 
species composition, herbage yield, and chemical composition of natural pasture and soil fertility 
status of pasture land. The experiment was conducted on a farm under randomized complete block 
design with three replications and five treatments following the selection of smallholder’s private 
degraded grazing land. The treatments included T1, control (no application of fertilizers), T2, a 
combination of urea and DAP (50 + 100 kg ha-1, respectively), T3, cattle manure (7.5 t ha-1), T4, 
wood ash (3 t ha-1) and T5, lime (2 t ha-1). Soil samples were collected from 20cm depth before 
treatment application (composite samples) and after harvesting (from each plot) and analyzed in 
Oromia Water Works Design and Supervision Enterprise Soil Laboratory. Feed samples were 
collected at 50% flowering, growing stage (50cm x 50cm) and analyzed at the ILRI nutrition 
laboratory by NIRS.  
The soil textural and chemical properties of the study sites were significantly different (p<0.001). 
The applications of treatments did not significantly affect soil physical properties; however, soil 
chemical properties were improved due to treatment effect. Soil textural classes of study areas were 
sandy loam in ATJK and clay loam and silty clay loam in Arsi Negelle, before and after treatment 
application, respectively. The soil TN at ATJK was categorized as low before treatment application, 
but application of chemical fertilizer and cattle manure altered this category to high. Applications 
of treatments change the category of SOC at both study sites; from very low to Low in ATJK and 
from low to medium in Arsi Negelle. 
Twenty-four species were identified across the study sites; 54.2%, 25%, 8.3%, 8.3% and 4.2% were 
grass species, forbs or weed, legume, tree and sedge, respectively. Among the identified species; 
Cenchrus ciliaris and Cynodon dactylon were the dominant grass species in ATJK and Arsi Negelle 
experimental sites, respectively. The highest grass and legume species composition were observed 
from the chemical fertilizers and cattle manure applied plots, respectively and forb species were 




highly palatable, palatable, less palatable, and unpalatable based on the opinion of livestock 
herders. Based on this Croton megelocapus, Tribulus terrestris and Ocimum urticifolium were 
categorized as unpalatable.  
More species composition and total biomass yield were recorded at the ATJK study site, since 
decomposition and utilization rate of fertilizers is high at high temperatures. The current study 
revealed that chemical fertilizer application increased the botanical compositions of grass species, 
forage total biomass yield and ME, while applications of cattle manure improved botanical 
composition of legume, CP content and IVDMD of natural pastures. Similarly, wood ash 
application improved total ash contents of natural pasture and improved soil pH. As partial budget 
analysis revealed; chemical fertilizers and cattle manure application were profitable to bring more 
income from natural pasture as compared to grain yield production in the study area. 
5.2. Recommendations 
➢ For immediate improvement of degraded grazing land and production of high forage biomass 
yield, chemical fertilizer applications are advisable. However, for sustainable improvement of 
soil and to improve both forage quality and quantity, cattle manure is the right option for 
smallholder farmers. 
 
➢ Selling of hay at dry season would be more profitable, since the partial budget analysis of dry 
hay was better as compared to the income from grain yield in the districts. Therefore, it is 
advisable to store and sell forage at the time of the dry season. 
 
➢ This work was conducted for only one season and a long term study is recommended to 
determine the effects of those treatments on rehabilitation and sustainable productivity of 
degraded grazing lands, botanical species composition and their economics, since the 
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Appendix Table: 1. Methods of soil chemical analyses  
Soil parameters  Method Unit  
PH Potentio metric (1:2.5 H20) 
EC Na saturation ratio mmhos/cm 
CEC Titrimetrically by distillation of ammonia cmol/kg 
AP Olsen II ppm 
OC Walkley and Black % 
TN Kjeldahl % 
Exch.Bases Atomic absorption spectroscopy cmol/kg 
Exch.Bases= Exchangeable bases, AP=Available phosphorous; mmhos = mili mhos; cm = centimeter; 
CEC= Cation Exchangeable capacity; cmol=centimoles of cation; OC = Organic Carbon; pH = Power of 
Hydrogen; ppm = parts per million; EC= Electro conductivity and TN = Total Nitrogen 
Appendix Table: 2. Classes of soil based on nutrient contents 
Organic carbon content (%) Nitrogen content (%) Phosphorus  contents (ppm) 
<1                        Very low  < 0.05                Very low  0-5                Low 
1-2                        Low 0.05-0.12            Low 5-10              Medium 
2-4                        Medium 0.12-0.18            Medium 10-15           High 
>4                         Rich   0. 18 - 0.30          Rich 15-20             Very high 
 0.30                     Very rich > 20              Extremely high 
Source: Driven et al. (1973).  
Appendix Table: 3. Cost of fertilizers, materials and labors used during the experiment 
Items Cost  
Urea 41.16Birr 
DAP  70.56Birr 
Lime  105.84Birr 
Iabours (guards) 1500Birr /month 
Wood (for fencing) 4500 Birr/596m2 
Wood transportation  1500Birr 
Labours (fencing) 800Birr 





Appendix Table 4. Analysis of variance (ANOVA) table for dry matter yield  
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 9 25.63423 2.848248 4.15 0.0038 
Error 20 13.71547 0.685773 
  
Corrected total 29 39.3497 
   
R-Square 
 




0.889168       0.83      93.13 
 
Source DF Type III SS Mean Square F Value Pr > F 
Site 1 1.31043 1.31043 1.91 0.1821 
Trt 4 16.40298 4.100745 5.98 0.0025 
site*trt 4 7.92082 1.980205 2.89 0.0488 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 
interaction 
Appendix Table 5. Analysis of variance (ANOVA) table for ash content of nature pasture 
Source DF Squares Mean Square F Value Pr > F 
Model 9 241.3394 26.81548 36.96 <.0001 
Error 20 14.51213 0.725607 
  
Corrected total 29 255.8515 
   
R-Square 
 




7.045509             0.85 12.90 
 
Source DF Type III SS Mean Square F Value Pr > F 
Site 1 140.6168 140.6168 193.79 <.0001 
Trt 4 62.63618 15.65905 21.58 <.0001 
site*trt 4 38.08643 9.521608 13.12 <.0001 






Appendix Table 6. Analysis of variance (ANOVA)  table for crude protein content 
Source DF Squares Mean Square F Value Pr > F 
Model 9 177.2267 19.69186 1.82 0.1268 
Error 20 216.3634 10.81817 
  
Corrected total 29 393.5901 
   
R-Square 
 




25.50480       3.289099       12.89600 
 
Source DF Type III SS Mean Square F Value Pr > F 
Site 1 10.94448 10.94448 1.01 0.3265 
Trt 4 160.557 40.13924 3.71 0.0204 
site*trt 4 5.725287 1.431322 0.13 0.9687 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 
interaction and CP= Crude protein 
Appendix Table 7. Analysis of variance (ANOVA)  table for NDF 
Source DF Squares Mean Square F Value Pr > F 
Model 9 99.03554 11.00395 2.91 0.0224 
Error 20 75.6772 3.78386 
  
Corrected total 29 174.7127 
   
R-Square 
 




3.024073       1.945215       64.32433 
 
Source DF Type III SS Mean Square F Value Pr > F 
Site 1 9.218563 9.218563 2.44 0.1342 
Trt 4 59.38082 14.84521 3.92 0.0165 
site*trt 4 30.43615 7.609038 2.01 0.1317 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 





Appendix Table 8. Analysis of variance (ANOVA) table for ADF 
Source DF Squares Mean Square F Value Pr > F 
Model 9 36.16272 4.01808 0.92 0.5315 
Error 20 87.7686 4.38843 
  
Corrected total 29 123.9313 
   
R-Square 
 




5.741854       2.094858       36. 48400 
 
Source DF Type III SS Mean Square F Value Pr > F 
Site 1 3.773653 3.773653 0.86 0.3648 
Trt 4 11.73925 2.934813 0.67 0.6212 
site*trt 4 20.64981 5.162453 1.18 0.3511 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 
interaction and ADF= Acid Detergent Fiber 
Appendix Table 9. Analysis of variance (ANOVA) table for IVDMD 
Source DF Squares Mean Square F Value Pr > F 
Model 9 30.75621 3.417357 1.67 0.1611 
Error 20 40.80447 2.040223 
  
Corrected total 29 71.56068 
   
R-Square 
 




2.397871      1.428364      59.56800 
 
Source DF Type III SS Mean Square F Value Pr > F 
Site 1 3.916853 3.916853 1.92 0.1811 
Trt 4 14.45471 3.613678 1.77 0.1743 
site*trt 4 12.38465 3.096162 1.52 0.235 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 






Appendix Table 10. Analysis of variance (ANOVA) table for ME 
Source DF Squares Mean Square F Value Pr > F 
Model 9 1.699147 0.188794 4.34 0.003 
Error 20 0.8692 0.04346 
  
Corrected total 29 2.568347 
   
R-Square 
 




2.559597       0.208471       8.144667 
 
Source DF Type III SS Mean Square F Value Pr > F 
Site 1 1.596213 1.596213 36.73 <.0001 
Trt 4 0.041113 0.010278 0.24 0.9144 
site*trt 4 0.06182 0.015455 0.36 0.8371 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 
interaction and ME= Metabolizable Energy 
Appendix Table 11. Analysis of variance (ANOVA) table for Grass species  
Source DF Squares Mean Square F Value Pr > F 
Model 9 547477.7 60830.86 8.91 <.0001 
Error 20 136544.2 6827.212 
  
Corrected total 29 684022 
   
R-Square 
 




25.78579       82.62695       3200.436 
 
Source DF Type III SS Mean Square F Value Pr > F 
site 1 155071 155071 22.71 0.0001 
trt 4 354855.1 88713.77 12.99 <.0001 
site*trt 4 37551.59 9387.899 1.38 0.278 







Appendix Table 12. Analysis of variance (ANOVA) table for legume species 
Source DF Squares Mean Square F Value Pr > F 
Model 9 3608.669 400.9632 9.61 <.0001 
Error 20 834.4384 41.72192 
  
Corrected total 29 4443.108 
   
R-Square 
 




59.49936       6.459251       10.85600 
 
Source DF Type III SS Mean Square F Value Pr > F 
site 1 874.8 874.8 20.97 0.0002 
trt 4 2237.375 559.3437 13.41 <.0001 
site*trt 4 496.4943 124.1236 2.98 0.0444 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 
interaction  
Appendix Table 13. Analysis of variance (ANOVA) table for soil exchangeable base (Na) 
Dependent Variable: Na 
   
Source DF Squares Mean Square F Value Pr > F 
Model 9 3.97103 0.441226 40.85 <.0001 
Error 20 0.216 0.0108 
  
Corrected total 29 4.18703  
   
R-Square 
 




15.21567       0.103923       0.683000 
 
Source DF Type III SS Mean Square F Value Pr > F 
site 1 3.86643 3.86643 358 <.0001 
trt 4 0.055847 0.013962 1.29 0.3063 
site*trt 4 0.048753 0.012188 1.13 0.3712 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 




Appendix Table 14. Analysis of variance (ANOVA) table for soil EC 
Dependent Variable: EC 
   
Source DF Squares Mean Square F Value Pr > F 
Model 9 0.455793 0.050644 16.45 <.0001 
Error 20 0.061564 0.003078 
  
Corrected total 29 0.517357 
   
R-Square 
 




28.71219       0.055482       0.193233 
 
Source DF Type III SS Mean Square F Value Pr > F 
site 1 0.065801 0.065801 21.38 0.0002 
Trt 4 0.362638 0.090659 29.45 <.0001 
site*trt 4 0.027355 0.006839 2.22 0.1032 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 
interaction and EC= Electro Conductivity 
Appendix Table. 15 Analysis of variance (ANOVA) table for soil TN 
Dependent Variable: TN 
   
Source DF Squares Mean Square F Value Pr > F 
Model 9 0.24475 0.027194 5 0.0013 
Error 20 0.108867 0.005443 
  
Corrected total 29 0.353617 
   
R-Square 
 




39.17466       0.073779       0.188333 
 
Source DF Type III SS Mean Square F Value Pr > F 
site 1 0.014083 0.014083 2.59 0.1234 
trt 4 0.1629 0.040725 7.48 0.0007 
site*trt 4 0.067767 0.016942 3.11 0.0383 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 




Appendix Table 16. Analysis of variance (ANOVA) table for soil CEC 
Dependent Variable: CEC 
   
Source DF Squares Mean Square F Value Pr > F 
Model 9 1956.374 217.3749 82.62 <.0001 
Error 20 52.62 2.631 
  
Corrected total 29 2008.994 
   
R-Square 
 




4.050701       1.622036       40.4333 
 
Source DF Type III SS Mean Square F Value Pr > F 
site 1 1934.427 1934.427 735.24 <.0001 
trt 4 16.67867 4.169667 1.58 0.2171 
site*trt 4 5.268 1.317 0.5 0.7356 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 
interaction and CEC= Cation Exchangeable Capacity 
Appendix Table 17. Analysis of variance (ANOVA) table for soil OC 
Dependent Variable: OC 
   
Source DF Squares Mean Square F Value Pr > F 
Model 9 6.87328 0.763698 17.34 <.0001 
Error 20 0.881067 0.044053 
  
Corrected total 29 7.754347 
   
R-Square 
 




12.78770       0.209889       1.641333 
 
Source DF Type III SS Mean Square F Value Pr > F 
site 1 6.165333 6.165333 139.95 <.0001 
trt 4 0.202513 0.050628 1.15 0.3624 
site*trt 4 0.505433 0.126358 2.87 0.0499 
 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 




Appendix Table 18. Analysis of variance (ANOVA) table for soil AP 
 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 
interaction and AP= Available Phosporus  
 
Appendix Table 19. Analysis of variance (ANOVA) table for soil exchangeable base (Ca) 
Dependent Variable: Ca 
   
Source DF Squares Mean Square F Value Pr > F 
Model 9 1739.749 193.3055 33.38 <.0001 
Error 20 115.807 5.79035 
  
Corrected total 29 1855.556 
   
R-Square 
 




8.974433       2.406315       26.81300 
 
Source DF Type III SS Mean Square F Value Pr > F 
site 1 1700.575 1700.575 293.69 <.0001 
trt 4 27.41165 6.852912 1.18 0.3482 
site*trt 4 11.76255 2.940638 0.51 0.7305 
DF= Degree freedom, CV%= Coefficient variation, Trt= treatment, site*trt= site and treatment 
interaction and Ca= Calcium  
Dependent Variable: AP 
   
Source DF Squares Mean Square F Value Pr > F 
Model 9 70.60501 7.845001 8.11 <.0001 
Error 20 19.33973 0.966987 
  
Corrected total 29 89.94475 
   
R-Square 
 




44.40193       0.983355       2.214667 
 
Source DF Type III SS Mean Square F Value Pr > F 
site 1 41.11381 41.11381 42.52 <.0001 
trt 4 28.16835 7.042087 7.28 0.0009 
site*trt 4 1.322853 0.330713 0.34 0.8464 
